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There are more than one quarter of a million individuals in the United States living with a spinal cord injury (SCI).
1 After a SCI, many individuals must transition to use of a wheelchair. This often entails heavy reliance on their upper extremities to facilitate mobility and independence. Unfortunately, the anatomy of the shoulder does not fully protect underlying soft tissues from the joint loading that occurs during wheelchair use. Thus, wheelchair users have a risk of developing shoulder pain and injury, which can negatively affect their independence and quality of life. 2 Wheelchair transfers are a highly repetitive load-bearing movement undertaken by people with SCI to maintain independence. 2 They require lifting one_s body weight out of the wheelchair and shifting it onto another surface, such as a bathtub or car seat. Unfortunately, this necessary activity can also lead to shoulder pain and pathology. 2, 3 Large vertical forces are placed on both upper extremities while in awkward positions, which can place high stress and strain on shoulder tendons. 3 The resulting overuse initiates a host of degenerative factors that can weaken these tissues and induce pain. 4 Acute degenerative effects of overuse can normally be reversed given proper rest and reductions in loading. 4 However, wheelchair users cannot sufficiently rest without limiting their mobility and independence, and thus their quality of life. 5 As life expectancies continue to rise in this population, 2 it is important to identify methods of curtailing such degeneration and preserving functional mobility.
Tendons of the supraspinatus and long head of the biceps muscles are common sites of pathology in people with SCI 6Y9 ; biceps tendinopathy is often present along with pathology of the supraspinatus. 10 Using ultrasound, Brose et al. 11 observed some degree of supraspinatus and biceps tendinopathy in 100% and 80%, respectively, of their sample of individuals with SCI. Common ultrasonographic signs of bicipital and supraspinatus tendinopathy include greater thickness, less echogenicity, and loss of normal fiber structure of the tendon. 12 Quantification of tendon structure and texture provides investigators with a method to objectively describe these characteristics. 13 Previous investigators have used quantitative ultrasound (QUS) techniques to evaluate changes in biceps and supraspinatus tendon appearance after wheelchair propulsion. 14, 15 Van Drongelen et al. 15 observed decreases and increases in biceps tendon echogenicity and thickness, respectively, after a wheelchair sporting event that were related to playing time. In a study by Collinger et al., 14 changes in biceps tendon grayscale appearance were affected by injury duration and propulsion biomechanics. While it is generally understood that transfers contribute to upper limb dysfunction, using certain techniques may be more protective of soft tissues and preventative of pain and pathology. 2, 3, 5 However, the relationship between transfer technique and shoulder health has not been elucidated. Finding such a relationship may help identify certain techniques that can delay or prevent upper limb soft tissue injuries. The present study sought to observe the acute effects of wheelchair transfers on ultrasonographic appearance of shoulder tendons of wheelchair users with SCI. Quantitative ultrasound measures of biceps and supraspinatus tendon thickness, echogenicity, grayscale variance, and grayscale contrast were chosen for analysis; these variables describe tendon characteristics that are related to tendinopathy and have been correlated with risk factors for injury in people with SCI. 14, 16 A secondary objective was to examine how demographic factors and transfer technique affected tendon responses to the activity.
Disclosures:
Repeated transfers were hypothesized to cause acute changes in biceps and supraspinatus tendon appearance, measured using QUS. It was further hypothesized that baseline and changes in QUS would be related to demographic risk factors for injury and transfer technique, as measured by the Transfer Assessment Instrument (TAI).
METHODS

Participant Recruitment
Individuals with SCI were included in the study if their injury was nonprogressive and occurred more than 1 year before testing; they used a wheelchair for most mobility (940 hours/week); they could independently transfer to and from a surface within 30 seconds with or without equipment; and they were older than 18 years at the time of testing. They were not included if they self-reported upper extremity pain or injury that inhibited their ability to transfer; active use of their leg muscles while transferring; a history of pressure sores within the prior 3 months; or a history of cardiopulmonary problems that could have been exacerbated by physical activity. Participants were recruited at a research laboratory using fliers and research registries; at the 2012 and 2013 National Veterans Wheelchair Games (Richmond, VA and Tampa, FL); and the 2014 Paralyzed Veterans of America Buckeye Games (Geneva, OH). All participants underwent informed consent before commencement of the study, which was approved by the appropriate institutional review boards.
An a priori power analysis found 77 subjects would achieve an 80% power to detect statistical significance. This was based on pilot data of the correlation between TAI scores and tendon width (N = 6; R 2 = 0.15), assuming a 2-tailed hypothesis with 5
predictors and an > of 0.05.
Demographics
A demographic questionnaire collected information about age, time since injury, ethnicity/race, injury level, and sex. Participants_ weights were measured using a wheelchair scale, by subtracting wheelchair weight from the combined subject and wheelchair weights.
Quantitative Ultrasound
A previously described QUS protocol 13 was followed to image participants_ biceps and supraspinatus tendons. One set of images was collected after demographic information and before any transfers were completed (baseline images). A second set FIGURE 1 Biceps and supraspinatus QUS images. The ROI is a constant distance (d constant ) from the center of the hyperechoic interference patterns created by the skin-based marker (vertical gray bars) and is bounded above and below by the top and bottom edges of the tendon. The apex of the lesser tuberosity (LT) is located on the right side of the image when imaging the biceps tendon. Adapted from Collinger et al. 13 was collected immediately after the repeated-transfers protocol (post-transfer images). All images were collected on the nondominant shoulder to control for potential confounding effects of handedness. A single investigator collected all images. These measurements have high reliability when taking serial images of the supraspinatus and biceps tendons and have been validated against measures of shoulder tendinopathy and pain. 13, 16 When imaging the biceps tendon, participants were positioned with their nondominant elbow flexed to 90 degrees, forearm supinated, and wrist resting on the ipsilateral thigh. This position provides an unobstructed image of the tendon with its fibers oriented perpendicularly to the transducer, creating a clear image of collagen fiber structure. 13 The widest part of the tendon was located in the longitudinal view, with the apex of the humeral lesser tuberosity at the edge of the image (Fig. 1) . A hyperechoic Ashaped steel reference marker was taped to the participants_ skin at the distal end of the transducer footprint. This skin-based marker remained in place throughout the activity, limiting variations in probe placement after the baseline image and thus improving reliability. Crossbars on the marker create a distinct interference pattern at the top of the captured image (Fig. 1) . A 2-cm-wide region of interest (ROI) is determined 1.5 cm relative to the center of the interference pattern and is considered a representative sample of the tendon for analysis. Top and bottom borders of the ROI are defined using the top and bottom edges of the tendon on the image (Fig. 1) . 13 To image the supraspinatus tendon, participants placed their nondominant arm in a modified Crass position, 17 specifically, with the shoulder extended and externally rotated, and the elbow flexed so their hand was on their lower back (or a corresponding location on the back of the wheelchair). This position exposes the supraspinatus tendon from under the acromion to accommodate better viewing, and can optimize repeatability of measurements. 13, 17 The widest part of the tendon was located in transverse view ( Fig. 1) , at which point a second steel reference marker was attached to the skin at the proximal end of the transducer footprint. 13 Follow-up QUS was completed after the repeatedtransfers protocol. As the reference marker remained on the subject during transfers, marker placement did not need to be repeated. Imaging was completed following the same methods previously described for baseline testing. Imaging parameters (eg, gain, depth, focus) were held constant between subjects and time points for comparison. 13 
Image Analysis
Tendon characteristics can be quantified by computing the grayscale value of pixels within the tendon. 13, 18, 19 Healthier tendons possess well-organized bundles of fibers in parallel alignment, a higher percentage of collagen, and reduced infiltration of blood vessels and fluid. 20 Imaged with ultrasound, these tendons are expected to have a highly aligned fibrillar pattern, appearing more heterogeneous and bright with less swelling. 12, 16 The 4 QUS variables that describe these characteristics and were used in this study include mean width, mean echogenicity, grayscale variance, and grayscale contrast. 13 Tendon width was defined as the average distance between top and bottom borders of the ROI. Echogenicity and variance were defined as average pixel intensity and distribution within the entire ROI, respectively. Contrast measured variations in pixel intensity in a perpendicular direction, providing information about fiber alignment. A healthier tendon would exhibit greater echogenicity, variance, and contrast and lesser width. 16 Each image was uploaded into a custom MATLAB (MathWorks, Inc, Natick, MA) program that blinds the evaluator to subject identification and image collection time point. The evaluator defined the ROI as the center point between interference patterns (Fig. 1) . The upper and lower boundaries of the ROI were traced; the average distance between points on the y-axis determines tendon width. A histogram is created representing the spread of grayscale values of each pixel within ROI, ranging from zero (darkest) to 255 (brightest); echogenicity describes the mean grayscale value, and variance describes the heterogeneity of the histogram. Contrast describes differences in intensity between neighboring pixels and is calculated from a co-occurrence matrix derived from the ROI. 13 
Transfer Assessment Instrument
After completing baseline examinations, a physical therapist graded 4 transfers using the TAI. 21, 22 Two transfers were to and from an adjustable mat table positioned at a height level to the user_s wheelchair seat. The next were to and from a mat positioned 2 inches higher. All transfers were performed using the participants_ own wheelchairs. The TAI is a 2-part assessment that provides objective and quantifiable information regarding the safety and technique of wheelchair users_ transfers. Examples include appropriate positioning of the individual and the wheelchair during each step of the transfer, and control and smoothness of motion www.ajpmr.com
Tendon Degeneration and Wheelchair Transfers during the transfer. The TAI was designed using clinical practice guidelines, 5 reviews of the literature, and current best practices for transfer training. 21, 22 It has been proven reliable and was recently biomechanically validated. 21Y23 Part 1 breaks the transfer down into 15 skills or Bitems[ ( Table 1) . Upon examination of the transfer, each item is assigned either a BYes[ (1 point) or BNo[ (0 point) depending on whether or not they perform the skill correctly, or a Bnot applicable[ (N/A) if that skill does not apply to their situation. Points are summed, multiplied by 10, and then divided by the number of applicable items to calculate total part 1 score. The 12 items in part 2 are scored on a 5-point Likert scale and completed after all transfers have been performed. This portion summarizes how well the participant performed different skills, and use part 1 scores in their grading. Item scores are summed, multiplied by 2.5 and divided by the number of applicable items. Total part 2 scores lie on a scale from 0 to 10, with 10 indicating the individual correctly performed all applicable skills. As part 1 identifies specific skills that can be targeted with intervention, and both parts were highly correlated (r = 0.713, P G 0.001), part 2 was not analyzed.
Repeated-Transfers Protocol
Once TAI scoring was completed on the 4 initial transfers previously described, the repeated-transfers protocol began. Participants performed 18 transfers to and from a height-adjustable mat, based on the estimated number of transfers performed per day by people with SCI. 24 Movement from one surface to the other (eg, wheelchair to mat) was considered one transfer. The protocol was split into 3 sets of 6 transfers; a 60-second break provided between each set allowed for a short resting period. The first and last sets were level transfers to a mat table. The middle set was performed onto the mat table raised 2 inches higher. One transfer was performed every 15 seconds, timed by a metronome.
Statistical Analysis
Significance was set a priori to > = 0.05, and trends were reported as P G 0.10. All analyses were run using SPSS 22 (SPSS, Inc, Chicago, IL). Injury level was dichotomized into paraplegia (T1 or lower) and tetraplegia (C7 and higher). Data and residuals were examined for normality using the Shapiro-Wilk test. Graphical techniques were used Items 5 and 15 were excluded a priori due to study design. All but one participant received a score of 2 on item 8, and all participants received a score of 2 on item 11, so these items were eliminated. The large number of BN/A[ responses for item 4 disqualified this item from the analysis.
to detect presence of outliers, heteroscedasticity, multicollinearity, and independence and distribution of residuals. Pearson r was calculated to test for multicollinearity. Acute changes in QUS variables between baseline and after transfers were analyzed using paired t tests; Bonferroni corrections were applied for each variable per tendon (> = 0.0125).
Multiple linear regression models were built to test how subject characteristics and transfer technique correlated with chronic (baseline) and acute changes in tendinopathy markers. Independent variables included subject characteristics (duration of injury, body weight, sex referenced to male, and injury level referenced to paraplegia) and TAI part 1 total score. 5, 25 Tendon depth from the skin was also included as a covariate, as the thickness of tissue between the tendon and transducer can affect the grayscale measures. Dependent variables included baseline and posttransfer QUS. Models with posttransfer QUS, as the dependent variable also included baseline QUS as a covariate. The strategy of including baseline QUS as a covariate allowed us to investigate whether a greater departure from baseline was influenced by the different predictor variables. Similar to analysis of covariance, this evaluates the contribution of the independent variables on acute QUS changes. No relationships were observed between TAI total score and QUS markers. As participants may perform different skills yet yield the same TAI score, it was hypothesized that specific skills would be more strongly related than overall technique. To test relationships between QUS markers and transfer skills, TAI item scores from the 2 level transfers were summed. This resulted in scores of 0, 1, 2, or N/A for each item; a 0 indicated the individual did not perform the skill, whereas a 1 or 2 indicated they performed the skill on one or both of the transfers, respectively. Items 5 and 15 (Table 1) were eliminated a priori because surface height was controlled and no assistance was allowed. Testing relationships between TAI items (transfer skills), baseline QUS markers, and QUS changes required 2 steps:
1. Items were entered into stepwise linearregression models (backwards elimination) with baseline or posttransfer QUS as dependent variables. These models were meant to determine which items had the greatest relationship with QUS variables; correlations with P e 0.10 were then entered into regression models described in step 2. 2. Linear regression models (forced entry) were then created containing TAI items from step 2 and the demographic risk factors previously described. In all models with posttransfer QUS as the dependent variable, baseline QUS was entered as a covariate to test the influence of independent variables on QUS changes.
RESULTS
Participants
Seventy-six participants were recruited for this study. Nine participants were found not to meet inclusion/exclusion criteria during informed consent or the testing procedure: 4 participants were able to stand without assistance, 3 participants were unable to complete the transfer or physical examination protocols, and 2 participants reported progressive spinal cord diseases. Images from an additional 5 participants were not clear enough to analyze reliably. Paired t test statistics are presented with mean difference absolute values and 95% confidence intervals of the differences between baseline and after transfers.
Tendon width is measured in millimeters (mm). Grayscale variables are unitless. MD, mean difference between baseline and after transfers.
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These individuals were heavier (9100 kg); high levels of subcutaneous adipose tissue can reduce image quality and make it more difficult to reliably define tendon borders during analysis. The final data set included 62 participants (39 with paraplegia, 23 with tetraplegia; 53 men, 9 women; 26 black, 35 white, 1 multiracial).
The subjects had a mean T SD age of 45.9 T 12.9 years, with 16.4 T 11.5 years since injury, and weighed 79.8 T 18.9 kg. The mean T SD of part 1 TAI scores was 7.00 T 1.54.
Acute Ultrasound Changes
Biceps tendon width significantly increased after transfers ( Table 2 ; P G 0.001). No significant changes were observed in other QUS variables ( Table 2 ). Minimal detectable change statistics for changes in both tendons are presented in Table 3 .
Transfer Quality and Ultrasound Markers
When total TAI part 1 scores were entered as outcomes in regression models, TAI scores did not predict baseline or after transfer QUS (P 9 0.05). Weight was the only variable to correlate with QUS variables: at baseline, participants with greater weight exhibited reduced biceps variance (A = j0.449, P G 0.01) and contrast (A = j0.321, P G 0.05); and supraspinatus width (A = 0.357, P G 0.05), echogenicity (A = j0.331, P G 0.05), and contrast (A = j0.359, P G 0.05). Greater weight also predicted a greater acute increases in biceps width (A = 0.124, P G 0.01). Sex showed a relationship, with men exhibiting reduced posttransfer biceps contrast (A = 0.168, P G 0.05) and supraspinatus echogenicity (A = 0.156, P G 0.05). No other relationships were observed when TAI total scores were included in the models.
Transfer Skills and Ultrasound Markers
All participants received a score of 2 for item 11 (Table 1) , which precluded statistical analysis of this item. The lack of variability in item 8 scores (all but one participant received a score of 2; Table 1 ) introduces variance in and violates the outlier assumption of regression tests; thus, this item was not analyzed. Three individuals received BN/A[ for item 3 (transferring over the rear wheel; Table 1 ). These individuals were using power wheelchairs at the time of testing (although they self-reported using a manual chair for most mobility), which do not have a large rear wheel like manual wheelchairs. N/A responses in these cases were transformed to a 2, indicating they did not transfer over the rear wheel during both transfers. Twenty-seven participants received N/A for item 4 (removing obstructions such as armrests or clothing guards; Table 1 ). Individuals would have received this response if they did not have an Bobstruction[ to remove, or if their obstruction was nonremovable. No notes were taken indicating why the individual received the N/A response. This item was eliminated from the analysis to maintain the sample size and preserve statistical power.
Items 1, 2, 3, 6, 7, 9, 10, 12, 13, and 14 were entered into backward elimination linear regression models to determine which items were related to QUS markers (step 1). Results of these models found baseline biceps width correlated with items 9 and 14; baseline biceps echogenicity with item 9; baseline supraspinatus echogenicity with item 6; baseline supraspinatus variance with item 3; and baseline supraspinatus contrast with item 9 (P G 0.10). Relationships were also observed between TAI items and posttransfer QUS variables: items 1, 9, and 13 with biceps width; items 7, 12, and 13 with biceps echogenicity; items 7 and 12 with biceps variance; items 2, 3, and 10 with supraspinatus width; and items 10 and 13 with supraspinatus echogenicity (P G 0.10). These items were entered into forced entry regression models with demographic risk factors (step 2). No Frequencies and percentages are reported of subjects who did not exceed MDC in either direction or exhibited decreases or increases past MDC.
a Number of participants who exceeded MDC in the hypothesized direction.
Tendon width is measured in millimeters (mm). MDC, minimal detectable change.
relationships were observed between TAI items and baseline supraspinatus width, posttransfer biceps contrast, or posttransfer supraspinatus variance and contrast; thus, no further analysis was performed using these variables. When baseline QUS was entered as the dependent variable (Tables 4 and 5) , biceps width was greater in those who used unsafe hand positioning, although the relationship only trended toward significance (item 9; P G 0.10). No subject characteristics or TAI items correlated with biceps echogenicity, variance, or contrast. Trends were observed in correlations between supraspinatus variance and transferring over the rear wheel (item 3; P G 0.10), and supraspinatus contrast and hand positioning (item 9; P G 0.10).
When posttransfer biceps QUS was the dependent variable (Table 6) , participants with greater weights who positioned their wheelchairs close to the mat table (item 1; P G 0.05) and those who did not use proper arm positioning (item 13; P G 0.05) exhibited wider tendons after transfers. Posttransfer echogenicity was lower in those who did not scoot to the front of the chair before transferring or use proper arm positioning (items 7 and 13; P G 0.05); sex also influenced posttransfer echogenicity, with women exhibiting brighter tendons (P G 0.05). When examining posttransfer supraspinatus QUS (Table 7) : wider tendons were observed in those who did not use proper trailing hand positioning (item 10; P G 0.05), those did not position their chair so they could clear the rear wheel (item 3; P G 0.05), and those who angled their chair between 20 and 45 degrees with regard to the target surface (item 2; P G 0.05). Participants who did not use proper arm positioning exhibited darker supraspinatus tendons after transfers (item 13; P G 0.01).
DISCUSSION
Transfers have been identified as one causative factor in the development of shoulder pain and injury www.ajpmr.com
Tendon Degeneration and Wheelchair Transfers in wheelchair users. 2, 3, 5 However, there is limited evidence that describes how transfers and transfer technique affect the health of shoulder tendons. The present study investigated the effects of a repeatedmeasures protocol on ultrasonographic markers for biceps and supraspinatus tendinopathy. Further analysis determined whether subject characteristics and transfer technique were associated with these markers at baseline, or with changes in these markers after transfers. In accordance with hypotheses, relationships were observed between transfer technique, body weight, and markers for tendinopathy at baseline and after transfers. Biceps thickness, a marker for tendinopathy, 12 was found to acutely increase after transfers. Increases were similar in magnitude to a previous study investigating ultrasonographically measured biceps tendon changes after a wheelchair sporting event. 15 Similar to a previous study investigating propulsion, 14 no significant changes were observed in supraspinatus measures. These observations may indicate that more stress is placed on the biceps tendon, which aids in humeral stabilization during abduction. 26 Alternatively, biceps tendon QUS may be more sensitive when detecting reactive changes. Imaging the supraspinatus transversely allows for more repeatable QUS measures, yet collagen fiber orientation is easier to view in a longitudinal orientation compared to transverse. Mean differences in biceps width did not exceed the standard error of measurement or minimal detectable change reported by Collinger et al. (Table 3) . 13 Minimal detectable change was surpassed by 16 participants, or 25%; thus, changes for other participants may be due in part to error. Thirteen individuals (21%) exhibited increases in tendon width greater than the reported minimal detectable change, indicating a response occurred in a subset of this sample. Further testing will help determine the clinical meaning of these responses. Pairing ultrasound with other physiological measures of tendinopathy, such as inflammatory cytokines, may provide a more comprehensive understanding of shoulder pathology in this population. Changes in the biceps and supraspinatus tendons may have been influenced by transfer ability and subject characteristics. These factors may have introduced variability in the tendon responses to the transfer activity that yielded no overall mean differences between baseline and posttransfer QUS values. By using linear regression and controlling for baseline tendon characteristics, the influence of technique and subject characteristics on tendon ; thus, different skills may affect tendon responses more than others.
Relationships were found when TAI total score was removed from regression models and replaced with specific TAI items. Items that required the user to move closer to the transfer surface and use stable and safe arm and hand positions were related to greater changes in QUS markers after transfers. These skills stabilize the shoulder and arm and reduce the lever arm through which forces are applied. 23 Although these techniques were found to influence changes, they were not observed at baseline. It is possible that these skills acutely influence tendon responses within this testing environment, performing multiple transfers onto a level mat table with a time limit, but not necessarily in real-world situations. However, it is also possible that these changes represent preclinical damage that could contribute to tendinopathy without intervention. Longitudinal testing is needed to determine if acute changes associated with transfer skills manifest as chronic tendinopathy. It was unclear as to why other skills did not relate to QUS markers. It is possible that certain techniques (eg, placing the feet on the floor or scooting forward in the seat before transferring) have greater benefits/detriments to other upper limb soft tissues, such as elbow ligaments or peripheral nerves. 27 Ultrasonographic analysis of other upper limb tissues may reveal such relationships. Body weight was one of the most consistent predictors of baseline pathological ultrasound markers in this sample. These findings contribute to the growing body of evidence that suggests reducing body weight can prevent upper extremity injury in this population.
5,27Y29 Individuals with more mass must place www.ajpmr.com
Tendon Degeneration and Wheelchair Transfers higher loads on their joints to transfer, so it follows that repeated exposure would manifest as tendinopathy. Greater body weight was associated with greater increases in biceps tendon width but not other biceps or supraspinatus measures. Heavier individuals may load the biceps tendon to a magnitude that approaches physiological capacity, resulting in a potentially pathological response. Transfer skills did not seem to vary with weight in this sample. It is possible that using certain strategies may help offset the deleterious effects of body mass on the biceps tendon; for example, shifting some of the load to the feet by placing them on the floor before the transfer (item 6). 3, 30 Using assistive technologies such as transfer boards can also help to redistribute upper extremity loading and are recommended when appropriate. 3, 5 There is a need to develop and test evidencebased wheelchair mobility training and assessment tools. 21, 31 This is exemplified in the current sample, as only one skill was completed by all individuals (Table 1) . A recent randomized controlled trial found that structured transfer training during inpatient rehabilitation, using the TAI as a framework, resulted in improvements in transfer quality 1 year after discharge. 31 The present study has identified a relationship between transfer skills and shoulder pathology, and a previous investigation found similar results with respect to the median nerve.
27
Longitudinal testing is necessary to determine how transfer quality affects the development of upper limb pathology and whether transfer training using the TAI can delay its progression.
Limitations
Transfers were paced using a metronome, and participants were required to transfer using a standardized setup. These factors allowed a degree of control over transfer speed and environment yet could have affected participants_ natural transfer ability and skills. The fatiguing nature of the activity may have induced changes in their transfer skills/quality that were different than those observed during baseline TAI testing. The standardized setup limits generalizability to other environments such as a bathroom, bed, or car. Images were only performed on the nondominant shoulder, yet biomechanical and electromyographical differences have been noted between leading and trailing arms. 32 The study design allowed for the nondominant shoulder to trail or lead an equal number of transfers, accounting for these differences. Subjects in this sample were independent, and most were athletes, which is not reflective of the SCI population as a whole and may affect generalizability; however, it is possible tendon responses in a less active population may be amplified from disuse. Power analyses indicated a sample size of 77 would provide sufficient study power, yet data from only 62 were included. A lack of power could potentially introduce type II error and limit the ability to detect significant differences. Finally, this study was cross-sectional in nature, and thus, it cannot be concluded that these factors delay pathology. Further investigations are needed to understand how transfers in different environments affect longitudinal development of upper limb soft tissue injury.
CONCLUSIONS
Repeated transfers caused increases in biceps tendon thickness in a subset of individuals, measured using ultrasound, yet no changes were observed in the supraspinatus tendon. Changes in biceps tendon thickness after transfers were influenced by subjects_ weight. Certain skills were associated with changes in biceps and supraspinatus tendons, specifically, those promoting a body position closer to the target surface, and facilitating stable and safe shoulder and hand positions. Results indicate a relationship between bodyweight, transfer technique, and shoulder tendinopathy. Reducing weight and improving transfer quality may attenuate the development or progression of shoulder pathology, yet longitudinal testing is needed to confirm this assertion. Further testing is needed to determine the clinical meaning of the observed responses.
26. Elser F, Braun S, Dewing CB, et al: Anatomy, function, injuries, and treatment of the long head of the biceps brachii tendon. 
